The balance of wastes originating from the foundry processes of ferrous alloys, prepared on the basis of data made available by the Polish Central Statistical Office, is presented in this paper. The kind and amount of individual foundry wastes subjected to management and storage by foundry plants were analysed. The problem of wastes between the years 2010-2016 is discussed on the national scale, as well as in individual regions or voivodeships. Altogether, 27,375.9 tons of waste from the group no. 10, of which non-ferrous metal and ferrous alloy wastes from foundry plants constituted 2%, were produced in Poland in 2010. This situation remained at a similar level over successive years, till 2014. The positive prognosis constitutes the fact that the amount of waste stored on dumping grounds belonging to foundry plants in Poland is gradually decreasing. This may be related to increasing costs of waste storage. During the tested years, the annual amount of gathered waste decreased from 4,796.6 thousand tons (in 2010) to 4,477.6 thousand tons (in 2014).
INTRODUCTION
Founding is an efficient technique of manufacturing metal products with a specific shape and properties. It is based on filling the casting mold of the product with an alloy. Unfortunately, it belongs to the group of technologies which carry with them an increased occupational risk. Employees are exposed to harmful factors caused, among others, by the emission of harmful substances [1] [2] [3] [4] during the process. The highest level of harmful substance emissions occurs during the pouring of disposable forms with iron alloys with a high melting temperature [5, 6] . In this case, one uses sand molds with sand grains connected by a binder. When filling the mold with liquid metal, a part of the binder burns out. Depending on the type of resin used, compounds from the BTEX group may be formed, such as benzene, toluene ethylbenzene, o-, m-, p-xylene), formaldehyde furfuryl alcohol phenol or polycyclic aromatic hydrocarbons (PAH) [7] [8] [9] .
For the production of non-ferrous castings of zinc, aluminum, magnesium and copper alloys for the process, high pressure machines are more often used and the filled permanent mold is used to make a large number of castings. In this case, the amount of dangerous compounds generated during the foundry process is significantly reduced, together with the amount of waste generated [10] .
The second important factor related to the topic of the article, and at the same time a challenge in terms of environmental protection for all foundry technologies, is the amount of waste generated during the production of castings.
Waste materials considered in the paper include:
• spent foundry and core sands, • slag from the melting processes of liquid metals, • dusts from cleaning out the furnaces for metal melting, • other wastes generated during process the casting production process.
In Poland, as of 2014, there has been a change in the approach to the classification of waste generated and the separation of the method of managing this waste as transferred to other recipients. Therefore, the data concerning wastes produced and neutralised or subjected to the reclamation process in 2014, is not comparable with the data from previous years. From this year onwards, waste which is managed by its producers are counted as reclaimed and harmless wastes.
ANALYSIS OF THE AMOUNTS OF WASTE
Amounts of produced wastes and their management constitutes an important aspect in casting production. As sources estimate [2] , for 1 ton of casting, approximately 1 ton of waste -requiring recycling or storage in special dumping grounds -is produced.
The main wastes at casting productions are wastes from moulds and cores [11] [12] [13] [14] [15] [16] [17] [18] [19] , which on average constitute 77% of all wastes [20, 21] . A diagram presenting the percentages of various wastes from foundry processes is shown in Figure 1 .
Altogether 27 375.9 thousand tons of wastes from the group no. 10 were produced in Poland in 2010. 2% of these wastes constituted wastes from non-ferrous metals and ferrous alloys castings. This situation remained at a similar level up to the year 2016. Figure 2 presents the amount of waste produced by non-ferrous metal and ferrous alloys castings between the years 2010-2016.
According to the report of the Polish Central Statistical
Office, the production of waste from ferrous alloys casting in the analyzed years amounted to an average of 595.768 thousand tons and constituted the main source of waste. The amounts of waste originating from non-ferrous metal castings increased slightly during this period.
The largest amounts of waste in Poland were produced in the Silesian, Lesser Poland, Greater Poland and Warmian--Masurian voivodeships. The list of the amount of waste by individual voivodeships is presented in Table 1 . The largest amount of waste was produced in the years 2011 and 2012 [22, 23] . These data, combined with the casting production, are shown in Figure 3 .
The highest amounts of foundry wastes were reclaimed in 2016 in the Warmian-Masurian voivodeship and amounted to 50.8 thousand tons, or more than 75% of the total for the voivodeship. By comparison, Lesser Poland subjected 62% to reclamation, Silesia only 25% and Greater Poland only 1%. The total data are given in Figure 4 . Foundry plants in the latter voivodeship had the largest amounts of wastes stored in their own dumping grounds, which in 2010 amounted to 1846.2 thousand tons. Very similar amounts were collected by foundry plants in the Opole voivodeship (1848.1 thousand tons). Between the years 2010-2016, the situation in these two voivodeships was at the similar level and in 2016 it was 1673.5 and 1243.6 thousand tons, respectively. The situation for 2016 is presented in Figure 5 .
The fact that the amount of waste gathered in the dumping grounds of foundry plants has decreased successively throughout the whole country constitutes a positive prognosis. This may be related to the rapidly escalating costs of waste storage. Within the tested years, the amount of gathered waste (on the national scale) decreased from 4796.6 thousand tons (in 2010) to 3940.5 thousand tons in 2016. In this year, there is no information on neutralized waste (Fig. 6 ).
Individual groups of wastes produced in the space of the tested years were also analysed. The sequence of their presentation depends on their percentage in the produced wastes.
Apart from the wastes to which spent moulding and core sands belong, there are also wastes originating from the pouring process, marked with code 10 09 08. Data gathered up to the year 2013 indicates that the ratio of the amount of produced wastes to those subjected to the reclamation In the period studied, it was only in the year 2012 that the production of wastes from the group marked as 10 09 07, was revealed. These are cores and moulds after the pouring process containing dangerous substances. All of these wastes were subjected to reclamation procedures. This means that -according to the available data -foundry plants do not have waste in their dumping grounds from the group no. 10 09 07. Hazardous wastes gathered by foundry plants are dusts from exhaust gases containing dangerous substances.The amount of this waste, marked by code 10 09 09, was at a constant level of 1.2 thousand tons during the study period.
On the next places of waste produced by the foundries there are slags and dusts ( Figs. 8 and 9 ). Also in their case, up to the year 2013 a constant difference between produced and reclaimed wastes could be noticed. After this year, there was a significant decrease in the amount of waste recovered.
CONCLUSIONS
The following conclusions can be drawn on the basis of the analysis:
• The ratio of the wastes produced during the pouring processes to the wastes subjected to the reclamation processes was at a similar level in years 2010-2013. • An alarming decrease of waste subjected to reclamation was observed in 2014. However, it could have been caused by a change in the classification method of the waste produced, with it being delivered to other customers and not subjected to reclamation procedures and neutralised. • In 2014-2016, a further decline in the amount of waste subject to remediation can be observed. 
